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[57] ABSTRACT 

In a ratio paging system of the type having digital data 



modulated onto radio signals transmitted from a radio 
station to receiving units at remote sites, a test system. 
The test system includes a transmitter test module cou- 
pled to a radio transmitter at the station and a test bed 
module located at the remote site. The transmitter test 
module includes a microprocessor for generating digital 
test data; and a modulator coupled to the microproces- 
sor for modulating the test data onto a radio signal and 
for injecting the radio signal into the station transmitter. 
The test bed includes a receiver for receiving the modu- 
lated radio signal, a demodulator for demodulating the 
received radio signal to recover the digital test data, and 
a computer for processing the recovered digital test 
data to generate paging test information. The mobile 
test bed also includes means for determining the latitude 
and longitude of a site to generate digital location data 
which is used to generate test information. The test 
system further includes a mobile vehicle for transport- 
ing the test bed, a power supply in the vehicle for pro- 
viding power to the test bed, and means for determining 
the distance travelled by the vehicle to provide a test 
sampling rate. The test bed and the transmitter test 
module may communicate using a cellular phone ystem 
for transmitting and receiving coded dial tones. The 
coded dial tones correspond to predetermined digital 
test data patterns and other test information. 



10 Claims, 2 Drawing Sheets 




11/03/2003, EAST Version: 1.4.1 



U.S. Patent Dec. ll, 1990 Sheet 1 of 2 4,977,399 




11/03/2003, EAST Version: 1.4.1 



US. Patent 



Dec 11, 1990 



Sheet 2 of 2 



4,977,399 



12 

ANTENNA 



.14 



POWER 
SUPPLY 



10 



40 



BUS 



16 



CELLULAR 
PHONE 



DTMF 
DECODER 



.18 



-20 



■26 



FIG. 2 



— 




MICROPROCESSOR f 21 J 




% 


-22 J 




■ MODULATOR 








' SUBCARRIER 
GENERATORj 










MODULATION 






MONITOR 







TO FM TRANSMITTER 
(EXCITER) 



FROM STATION 
ANTENNA 
"TRANAMITTER TEST 
MODULE 



44-, 



36 



42 



12V DC 

CAR 
BATTERY 



POWER 
INVERTER 



J 



38 



1 



42 



CELLULAR 
PHONE 



50 



POWER 
SUPPLY 
(DC) 





LORAN 




RECEIVER 



COMPUTER 



LORAN 
ANTENNA 



CLOCK 



CONTROL 



46 



POWER 
SUPPLY | — 
(DC) 



32-^F| 



FM ANTENNA 
53 



FREQUENCY AGILE 
FM RECEIVER 



54 



^56 



SUBCARRIER DATA 
*—* DEMODULATOR 



DISTANCE 
MEASURING DEVICE 



2_ JL 



MAGNETIC 



FLUX 



58 



I 



DRIVE SHAFT 
MAGNETS 



REED 
RELAY 



'39 



FIG. 3 



11/03/2003, EAST Version: 1.4.1 



4,977,399 

1 2 

onto radio signals transmitted from a radio station to 

MOBILE RADIO PAGING TEST SYSTEM pager receivers at remote sites. 

The test system includes a transmitter test module 
This invention relates to a system for testing a radio coupled to a radio transmitter at the station and a test 
paging system and, in particular, relates to a transmitter 5 bed module located at the remote site, 

test module and a mobile test bed which generate error, The transmitter test module includes a microproces- 
message completion, range, and similar paging test in- sor for generating digital test data and a modulator 
formation for a number of transmitting radio stations coupled to the microprocessor for modulating the test 

and for a variety of test sites. data onto a radio signal and for injecting the radio signal 

BACKGROUND OF THE INVENTION 10 ^ggSSSZ*. for receiving the modu- 

Paging systems are commonly used to send messages lated radio signal, a demodulator for demodulating the 
from one location to another. In these systems, a pager received radio signal to recover the digital test data, and 

requester at one location pages a receiving user at an- a computer which processes the recovered digital test 

other remote site. The pager requester typically initiates 15 data to generate paging test information. The test bed 

a pager request using a common Dual Tone Multi Fre- also include means for determining the latitude and 

quency (DTMF) telephone. The pager requests are longitude of a site to generate digital location data 

then provided to communication lines and finally trans- which is used to generate the test information, 

nutted, for example, as part of an FM signal from an FM The test system further includes a mobile vehicle for 

radio station to die receiving user. The paged individual 20 transporting the test bed, a power supply in the vehicle 

uses a paging receiver to receive and decode the FM for providing power to the test bed, and means for 

signal to extract the message. The paging receiver may determining the distance travelled by the vehicle to 

be carried for example, in a watchlike device. provide a test sampling rate. 

A variety of radio paging systems are in common use. The test bed and the transmitter test module may 

One such system, described in Gaskill et al. U.S. Pat. 25 communicate using a cellular phone system to transmit 

No. 4,713,808, teaches the modulation of an FMsubcar- and receive coded dial tones. The coded dial tones 

rier signal with packets of digital data. This signal is correspond to predetermined digital test data patterns 

injected into a conventional exciter and then transmit- and communication information, 

ted from the FM station to a plurality of paging receiv- In one embodiment of the invention, the test system is 

ers. This patent is incorporated herein by reference and 30 used with a paging system of the type having digital test 

made a part of this application. data packets modulated onto an FM subcarrier signal. 

One problem encountered by paging companies is the The digital test data packets may be determined by the 
need to determine in advance the range and quality of coded dial tones communicated over the earlier men- 
radio paging signals that will be received at various sites tioned cellular phone system. 

from a particular transmitting radio station. It is ex- 35 In one embodiment, die test system employs a plural- 

tremely desirable to have such information before a ity of transmitter test modules in operation at a number 

financial commitment is made to enter a lease or other of radio stations. In this test system, the receiver in the 

arrangement with the station. These companies also test bed is a frequency agile receiver for receiving the 

need to determine the quality of the paging signal that radio signals from the stations under the control of the 

will be received at various sites in view of various envi- 40 computer. The test system rapidly and virtually simulta- 

ronmental obstacles such as buildings mountains, and neously generates paging test information for a number 

the like. of stations. 

Similar information is also extremely useful in trouble In one embodiment, the means for determining lati- 

shooting, for example in determining whether errone- tude and longitude includes a LORAN antenna and 

ous pager transmissions are the fault of the paging com- 45 receiver. 

pany or transmission equipment at the radio station. The foregoing and additional objects features and 
Such paging test information is typically determined advantages of the present invention will be more readily 
only after an actual paging system is installed at the FM apparent from the following description of the draw- 
station and radio paging signals have been transmitted ings and the appended claims, 
to pager customers. This method is an ad hoc process 50 ____ ... ^- ww A „r^ T ^ 
and can lead to a commitment to stations which are not BRIEF DESCRIPTION OF THE DRAWINGS 
suitable for paging because of poor transmission charac- FIG. 1 is an illustration of a test system for a plurality 
teristics or environmental obstacles. Unnecessary cus- of radio paging stations according to one embodiment 
tomer dissatisfaction with the quality of received pager of the invention. 

requests is also a possible result. 55 FIG. 2 is a block diagram of a transmitter test module 

Moreover the use of an actual on-line paging system according to one embodiment of the invention. 

for testing is also limited by the difficulty for an actual FIG. 3 is a block diagram of a test bed according to 

pager to initiate a range of tests (a) in a matter of sec- one embodiment of the invention. 

onds, (b) at a variety of locations (c) for several candi- __ __ — ~« 

date stations simultaneously, and (d) under varying 60 DETAILED DESCRIP^ON OF THE 

environmental conditions. DRAWINGS 

Further, the use of normal paging frequencies for The invention will now be explained first by refer- 

testing could interfere with or complicate normal pag- ence to FIG. 1 which shows a test system according to 

ing operations. one embodiment of the invention. The test system in- 

cTTiLrvf ADv nc ttitj txjvtj wtthm 65 cludes a transmitter test module located at a transmit- 

SUMMARY OF THE INVENTION ^ radio stadon ^ a mobile test ^ located at a 

The invention comprises a test system for a radio receiving site. One embodiment of a transmitter test 

paging system of the type using digital data modulated module will be explained by reference to FIG. 2. One 
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embodiment of a mobile test bed will be explained by be discussed to provide a further understanding of the 

reference to FIG. 3. invention. 

Although the invention will be explained by refer- Transmitter test module 10 is a portable unit and may 

ence to the FM paging system described in the patent to be housed in a modular-type case 20. 

Gaskill, incorporated herein by reference, it should be 5 Transmitter test module 10 requires only three inputs 

understood that test systems useful with other radio and outputs total. The inputs to transmitter test module 

paging systems are within the scope of the invention. io ^ f rom a power supply 14 and a feedback signal 

Refer now to FIG. 1. FIG. 1 shows a test system from the station antenna. The transmitter test module 10 
including a transmitter test module 10 at a radio station provides an output to an exciter of an FM transmitter. 
2 and a mobile test bed 40 at a remote site 30. Transmit. 10 ^ embodiment shown in FIG. 2 includes an an- 
ter test module 10 is a portable modular unit that is tenna u for reiving a test control signal from a re- 
powered by a 120 volt AC outlet at the radio station. mote site (not shown) ; Antenna 12 is coupled to a cellu- 
The trtmsrnitter test module in this embodiment modu- lar hone 18 and may be a standard antenna provided 
lates digitol data. onto an FM subcamerstgnaL a hone system . 

The modulated^ FM subcarner signal is injected into 15 ^ of ceUular phone system 18 is coupled to 

exciter 4. An FM signal from exciter 4 is passed to dual ^ mm fr £ (DTMF) decoder 20. 

power amp 6 which amplifies the FM signal to the 2Q ^ ^ b ^ 

^T^l^ lar phone 18 to provide digital data at its output The 

amp 6 is fed back to transmitter test module 10. The FM £ , , A «_ T%™fi? j . {L A ^ 

signal output of power amp 6 is also coupled to radio 20 ^tajrom DTMF decoder 20 is coupled to an 

transmission antenna 8 for broadcasting to a number of mput to subcarner generator 28. 

remote sites Subcarner generator 28 includes a microprocessor 21 

One of the remote sites for receiving the broadcast a modulator 22. J ■ 

FM radio signal is site 30. Under normal paging opera- Microprocessor 21 receives the digital data output 

tions, a pager receiver could be located at site 30. Ac- 25 ^m DTMF decoder 20 and generates predetennined 

cording to the invention, a mobile test bed 40 is located digital test data packets corresponding to the decoded 

at site 30 for generating test information indicative of ^ tones. These test data packets may be, for example, 

the quality of the radio paging system for station 2 and random data or all Ts or some known predetermined 

site 30, combinations of Vs and 0's. The test data packets may, 

The mobile test bed 40 receives the modulated radio 30 but need not, correspond to the data packets that would 

paging signal over FM antenna 32. FM antenna 32 is be used were an actual paging request being transmit- 

coupled to an input to the mobile test bed. ted. 

The mobile test bed is powered by a power source at The DTMF decoder 20 and microprocessor 21 may 

site 30. Where the mobile test bed is located at a build- perform similarly to the queuer or modem 40 in U.S. 

ing or similar site, a normal 120 volt AC power hook-up 35 Pat. No. 4,713,808, discussed in column 33, line 25 et 

can be used. For the embodiment shown in FIG. 1 seq. 

where the mobile test bed is located in a van 60, power Modulator 22 accepts a 19 kHz baseband signal from 

36 is ultimately drawn from the van battery 36 through modulation monitor 24 and provides a corresponding 

DC to AC power inverters. phase locked 66.5 kHz subcarner to the exciter (not 

A LORAN antenna 34 may also be coupled to an- 40 shown) in phase with the station 19.0 kHz stereo pilot 

other input to mobile test bed 40. The LORAN antenna signal Modulator 22 also supplies a 19 kHz reference 

is used to received latitude and longitude data from a clock signal having a fixed phase relationship to the 

LORAN transmitter 62 and feeds a LORAN receiver stereo pilot signal to microprocessor 21. Modulator 22 

(not shown) in test bed 40. provides an output signal that meets the radio system 

A set of magnets 38 may also be coupled to the drive 45 limitations imposed on the modulator described in Gas- 
train of van 60 to provide a signal which indicates the ^ tj.s. Pat No. 4,713,808. 

distance travelled by van 60. This signal is also coupled ^ receives* the modulated FM subcarner 

to an input to mobile test .bed 40. from subcarner generator 28 and receives a stereo audio 

The test setup shown in FIG. 1 may ako include a ^ stereo pilot signal from a conventional stereo modu- 

plurality of other transmitter test modules like transmit- 50 lator circuit at ^ ^ The exciter generates a 

ter test module 10. These othw transmitter test modules 1qw leyel ^ si ^ mcluding these component signals 

would be located at ^^^J^^^J^ and provides due to a power amplified The power 

represented by stations 80 and 90. These other transmit- * ^ ampMed RF signals to an FM 

ter test modules would also cause modulated radio pag- I » tmMt for broadcast 

ing signals to be transmitted from antenna 82 at station 55 ~f . x \ * . rr . , A . ~w j- 

80 andfrom antenna 92 at station 90 simultaneously . Modulation monitor 24 is fed back the FM radio 

with the transmission of the modulated radio paging sigmd as mput and outputs a composite stereo base band 

signal from antenna 8 at station 2. A plurality of radio mcludes audl ° modulation, stereo pilot, 

signals can thus be simultaneously received by FM and subcarner sisals. 

antenna 32 and provided to mobile test bed 40 at site 30. 60 Power supply 14 m FIG. 2 provides power to cellular 

Also shown in FIG. 1 are examples of environmental P n °ne 18, DTMF decoder 20 microprocessor 21. modu- 

obstacles, such as buildings 70 and mountains 72. One Iator 22, and modulation monitor 24 over a power .bus 
purpose of the test setup according to the invention is to 

determine how well stations 2. 80 and 90 complement Power supply 14 may be, for example, a conventional 

each other to provide optimum reception at van 60 as 65 120 volt AC supply at the radio station, 

van 60 travels through a number of sites. All of the foregoing components of the transmitter 

FIG. 2, which shows a transmitter test module ac- test module, except for the DTMF decoder and the 

cording to one embodiment of the invention will now subcarner generator are off-the-shelf components. 
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Cellular phone 18 and antenna 12 may be an off-the- 
shelf cellular phone system for example, NEC Model 
M3500. 

The DTMF decoder is a printed circuit board that 
includes a conventional DTMF decoder and additional 5 
circuitry for communicating with the cellular phone 
and the SCA generator. The commercial DTMF de- 
coder may be, for example, chip #M8870, manufac- 
tured by Mitel. 

Microprocessor 21 is a conventional programmable 10 
integrated circuit such as a conventional model 
#HP63705 processor provided by Hitachi, Inc.. and 
includes a conventional microprocessor chip and 
PROM arrangement. 

Modulator 22 may be a modulator as used during 15 
radio paging for the system described in U.S. Pat; No. 
4,713,808, column 32, et seq. 

Modulation monitor 24 may be, for example, a modu- 
lation monitor as described in U.S. Pat. No. 4,713,808. . 

Although the transmitter test module has been dis- 20 
cussed with respect to the embodiment in FIG. 2, it 
should be understood that modifications, simplifica- 
tions, or changes can be made to this embodiment 
within the scope of the invention. For example, the 
microprocessor could be programmed to generate pre- 25 
determined test data packets starting at a certain time 
once a test button on the transmitter test module is 
activated or at the direction of an internally or exter- 
nally supplied timing signal. Such a configuration could 
be used, for example, where it is not essential for the 30 
transmitter test module and the test bed to be in direct 
communication. 

It should also be understood that microprocessor 21 
and/or DTMF decoder 20 may be replaced by a decod- 
er/encoder combination or other such devices of vary- 35 
ing sophistication which generate predetermined data 
packets as output given a simple digital, analog, or 
audio input. 

Having discussed an embodiment for a transmitter 
test module 10 and the transmission of a radio paging 40 
signal from a station an embodiment for a mobile test 
bed will now be discussed by reference to FIG. 3. 

FIG. 3 shows a mobile test bed 40 for generating 
paging test information. The mobile test bed 40 includes 
an FM antenna 32 for receiving a modulated radio sig- 45 
nal transmitted from a radio station (not shown). 

The output of the FM antenna 32 is coupled through 
an attenuator 53 to a frequency agile FM receiver 54. 
The output of frequency agile FM receiver 54 is cou- 
pled to a subcarrier data demodulator 56. The subcar- 50 
rier data demodulator demodulates the modulated sub- 
carrier and recovers the digital test data packets modu- 
lated onto the subcarrier signal by the subcarrier gener- 
ator in the transmitter test module. 

The subcarrier data demodulator 56 provides recov- 55 
ered digital test data packets to a computer 50. Com- 
puter 50 may also have the original digital test data 
packets stored in memory, or generated using an algo- 
rithm given inputs from a keyboard or a communication 
link to cellular phone 42. Computer 50 stores and/or 60 
processes the recovered digital test data packets to gen- 
erate desired test information. 

The mobile test bed may also include components for 
determining the location of site 30. In the embodiment 
shown in FIG. 3 these components include a LORAN 65 
antenna 34 for receiving latitude and longitude informa- 
tion from a LORAN transmitter. The output from the 
LORAN antenna is coupled to a LORAN receiver 52. 
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The LORAN receiver 52 generates digital location data 
that is coupled to an input to computer 50. Computer 50 
stores and/or processes the location data for generating 
test information. 

The embodiment according to FIG. 3 also includes 
components for deterniining the distance travelled by 
the mobile test bed 40. These components include mag- 
nets 38 that are attached to the drive train of a van (not 
shown) in which the mobile test bed 40 may be carried. 
The magnets 38 are coupled to an input side of reed 
relay 39. Reed relay 39 is closed every time the drive 
train (drive shaft) completes half of a rotation. This 
closure indicates that the van has travelled a predeter- 
mined distance (e.g. 11.3 inches) which corresponds to 
a desired sampling distance. 

The output of reed relay 39 is a digital (on/of!) signal 
that is coupled to an input of a distance measuring de- 
vice 58. Distance measuring device 58 provides digital 
data output that indicates the distance travelled. This 
output is provided to an input of computer 50. Com- 
puter 50 may store and/or process the distance data for 
generating test information. 

When the mobile test bed 40 is used at a remote site 
having a normal 120 volt power supply test bed 40 can 
be configured to use this normal power supply. How- 
ever, where test bed 40 is transported in a vehicle, the 
test bed 40 is required to use a special power supply 
system such as that shown in FIG. 3. This power supply 
system includes a 12 volt DC car battery 36 that is 
coupled to a power inverter 42 to provide a 120 volt AC 
output. This J 20 volt AC output is used to power com- 
puter 50 and is also provided to AC to DC power 
supplies 44 and 46. 

Power supply 44 provides 15 volts DC to LORAN 
receiver 52. Power supply 46 provides ± 12 volts DC to 
the frequency agile FM receiver 54, and ±5 volts DC 
to subcarrier data demodulator 56 and to the distance 
measuring device 58. 

The mobile test bed 40 in FIG. 3 also includes a cellu- 
lar phone system 42 which provides test control signals 
to the transmitter test module located at the radio sta- 
tion. 

Although a cellular phone system is shown, it should 
be understood that other portable or fixed devices for 
communicating with the transmitter test module may be 
used within the scope of the invention. In addition, 
cellular phone 42 may include an output that is coupled 
to an input to computer 50 for immediately providing 
computer 50 with the test control information being 
sent to the transmitter test module. 

As earlier mentioned, in some situations the test sys- 
tem may be configured such that the transmitter test 
module generates known test data packets without com- 
municating with the mobile test bed. For these situa- 
tions and others it should be understood that computer 
50 may be humanly programmed with the test control 
information or test data either in advance or at the time 
of the test. 

The mobile test bed may be assembled using off-the- 
shelf components. 

Computer 50 may be, for example a commercially 
available personal, computer or a lap top computer for 
example, a Compaq 8086 or any IBM compatible PC. 

Car battery 36 is a normal 12 volt DC car battery. 
Power inverter 42 may be, for example, a PV-1000FC 
power inverter from Tripp-Lite, Inc. Power supplies 44 
and 46 may be commercially available power supplies, 
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such as Model TP5-4000 from Topward Electric Instru- pattern. An "11" may cause generation of an all "1" test 

ments. data packet 

The LORAN antenna 34 and the LORAN receiver A random data pattern may be used, for example 

52 may be commercially available LORAN antennas because it corresponds most closely to the real data 

and receivers, such as an 8' Shakespeare Tuned An- 5 pattern used in an actual paging mode. On the other 

tenna and Model 8002 vended by King Corporation and hand, if the purpose of the test is to perform a simple 

available at most airports. multi-path or range analysis, an all l's pattern has been 

The attenuator may be a conventional attenuator that found to be sufficient, 
is adjustable by setting a series of dials or knobs. Fre- Certain digits can also be used as a code for certain 
quency agile FM receiver 54 is custom made by AT&E. 10 communication functions at the transmitter test mod- 
Conventional interface circuitry must be added to a ules. For example represents hang up whereas, 
conventional receiver using ordinary skill in the art in causes the controller to return to its main menu of op- 
view of the invention so that it can be tuned to selected tions. It should be understood that any number of corn- 
frequencies under the control of computer 50. binations of data patterns can be generated so long as 

Subcarrier data demodulator 56 was custom made by 15 the transmitter test module can correlate a received 

AT&E using ordinary skill in the art in view of the tone to a predetermined digital test data pattern and/or 

invention. communication function. 

The distance measuring device 58 is an off-the-shelf A tone may be generated by the processor to indicate 

item, consisting of an Archer Magnetic Contact Switch a valid entry or an error. The tone generator is located 

and No. 812 Neill Magnets. 20 on the DTMF decoder board. This tone may then be 

Having described a paging test system having a trans- retransmitted over the cellular phone system back to 

mitter test module and a mobile test bed according to the cellular phone at the mobile test bed This return 

various embodiments of the invention by reference to tone feature may be included as a means for the mobile 

FIG. 1, FIG. 2, and FIG. 3, the normal operation of the test bed to verify that the control tones were properly 

invention will now be explained for the embodiments in 25 received at the transmitter test module. 

FIGS. 1-3 when used to test a paging system as de- It is also possible to return phase information to the 

scribed in U.S. Pat. No. 4,713,808. mobile test bed from the transmitter test module using 

Having described the transmitter test module and the this echo feature. For example, the relative phase be- 

mobile test bed, the operation of the test system will tween the transmitted 66.5 kHz subcarrier and the 19 

now be discussed. 30 kHz stereo pilot signal may be returned. This infonna- 

When a particular radio station is to be tested, a trans- tion may be used to record any phase discrepancies 

mitter test module must first be installed at the station. caused by the transmitting equipment. 

The transmitter test module can be a portable box-like Once the cellular telephone receives the tones, this 

device that is easily and rapidly installed at the radio information is passed to a DTMF decoder. The DTMF 

station. 35 decoder generates digital data output from the input 

The transmitter test module has three hook-ups that tones. This digital data output may be up to four bits 

must be connected: (1) to the exciter to inject the modu- and is passed to the subcarrier generator over a four-bit 

lated subcarrier signal: (2) to the power amplifier at the bus. 

station to provide a stereo pilot signal for locking the These bits are provided to the microprocessor which 

subcarrier signal to the transmitted FM signal: and (3) 40 reads the input data and generates a digital test data 

to a station 120 volt AC power outlet. packet under program control. The microprocessor also 

The cellular telephone antenna at the radio station is generates two tones which are coupled back to the 

next erected to facilitate reception from the mobile test cellular phone system for transmission back to the cellu- 

phone. lar phone at the mobile test bed. These two tones are 

The mobile test bed is then transported throughout 45 used, for example, for acknowledge and to indicate an 

the areas under test. error in the received tones. 

Next, the cellular telephone in the mobile test bed is Meanwhile, the modulation monitor receives the 

used to call up the cellular telephone located at the station FM signal at full RF from the transmission line, 

radio station. The antenna for the cellular telephone at This FM signal is a typical FM signal between 88-108 

the mobile test bed is located in the portable cellular 50 mHz, and is demodulated down to audio and provided 

phone handset. to the subcarrier. generator (modulator) as base band. 

After receiving an acknowledge signal back from the The modulation monitor provides an audio signal from 

cellular phone at the transmitter test module, the cellu- 0-100 kHz to the modulator. 

lar phone at the mobile test bed communicates test con- The modulator uses the base band to extract the 19 

trol information to the transmitter test module. This 55 kHz stereo pilot tone which is used to generate a modu- 

in formation may be in the form of a single or multiple lated 66.5 kHz subcarrier. The subcarrier generator uses 

dial tones, for example, a "1", "12", "7", or some other AMPSK duo binary modulation, 

digit or series of digits on the key pad of the cellular The modulated subcarrier is injected into the exciter 

phone. and is subsequently broadcast by the station transmitter. 

These control tones are then transmitted over a cellu- 60 The modulation monitor also measures the subcarrier 
lar phone communication system to the cellular phone injection level, which is set in this case at 10 percent, 
at the radio station, to cause modulation of a particular The modulation monitor .includes a display so that a 
digital test data packet onto a test FM subcarrier signal. technician at the radio station may look at the raodula- 
For example each digit, 0-9, or combination of digits, tion monitor and readily determine the injection level 
may be used to represent one of ten possible digital test 65 into the exciter. By quickly scanning the display, a tech- 
data packets. nician at the station can determine that the transmitter 

As an example a "60" punched at the test bed cellular test module is injecting at a proper level and, thus, is not 

phone may be used to generate a (known) random data the source of any problems arising at the station. 
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Next, the computer at the test bed is placed in a test When the received radio signal fades in and out, the 

mode. recovered data patterns will correlate for sequences and 

The known test control tones or packets can be en- then meaningless data will appear for the periods of 

tered either by communicating the original DTMF fade. 

tones to the computer or by interfacing a human pro- 5 By comparing the expected data with the recovered 

grammer. data, the test system provides a means for evaluating the 

Next, the transmitted signal is received by a mono- message completion rate for a paging system. Thus, it is 

pole FM antenna at the mobile test bed. This monopole possible to determine how many packets were received 

antenna is conveniently mounted on the top of the roof error free, how many packets would have been capable 

of a field test van in some embodiments. 10 of correction by error correcting features in the paging 

The signal is then attenuated by an attenuator to system, and how many packets were incapable of cor- 

reduce the signal level to that which could be expected rection. The test system may evaluate the probability of 

when the signal is received via an antenna, for example, error correction by employing the same error correc- 

in a watch type pager. The other components of the tion algorithms on the recovered data as would have 

mobile test bed may also simulate the performance char- IS been employed by the protocols in the pager receiver 

acteristics for similar components of a pager watch or system. 

other unique pager receiver (e.g. vehicle portable ad- The invention provides a means for evaluating the 

jus table length etc.). performance of radio transmitters to determine if the 

The frequency agile receiver receives the modulated transmitters are suitable for pager reception at a variety 

signal from the attenuator. Under control from the 20 of locations. The test information may indicate, for 

computer, the frequency agile. receiver tunes to a differ- example, if the radio station has a bad transmitter, bad 

ent station once every 100 milliseconds. The frequency location or is affected by environmental obstacles, 

agile FM receiver demodulates the radio frequency and The system also provides a dependable means for 

generates output audio between 0-100 kHz. determining if the cause of trouble in a radio paging 

This base band output from the frequency agile re- 25 system is in the radio transmitter or the paging system, 

ceiver is input into die subcarrier data demodulator. The test system also provides a means for determin- 

The subcarrier data demodulator demodulates the base ing how well a plurality of stations complement each 

band to recover the digital test data packets. The sub- other in a radio paging system, 

carrier data demodulator produces a 19 kHz clock sig- The test system may also be used to test the effect of 

nal and 19 kHz test data. 30 different modifications, variations and changes on the 

The clock information and the recovered data pack- quality of a radio paging system, such as a change in a 

ets are fed into the computer. modulation scheme or an error correction algorithm. 

As the vehicle moves, magnets on the drive shaft The invention can also uncover such information as the 

open and close a reed relay whenever the magnets ro- number of times a message needs to be repeated for 

tate pass the reed relay, for example, every 11.3 inches. 35 optimum reception or the area that should be claimed 

The reed relay provides an input signal to the distance by the paging company as a coverage area, 

measuring device which in turn generates a digital dis- The test system may also be used for an FM station 

tance data output signal. This digital distance signal is analysis prior to lease negotiations, 

stored and/or processed by the test computer. The data The test system is extremely flexible and can be 

packets may thus be sampled with respect to distance 40 adapted to simulate a variety of pager devices (e.g. 

rather than with respect to TIME. pager watch, car pager) at the mobile test bed. 

Simultaneously, the LORAN antenna and receiver Having described and illustrated the principles of our 
may receive latitude and longitude information from a invention and various embodiments, it should be appar- 
set of LORAN transmitters and output digital location ent to those skilled in the art that the other changes and 
data. This digital location data is also provided to the 45 modifications in arrangement and detail can be made 
computer for storing and/or processing. The recovered within the scope and spirit of the invention, 
data packet will correspond to the test data packet mod- For example, it is possible to augment the system by 
ulated onto the subcarrier by the transmitter test mod- entering environmental information such as the pres- 
ide absent error, faulty transmission environmental ob- ence of rain, temperature, a nearby building or moun- 
stacles, multi path problems, etc. 50 tain, or other such conditions at the time and location 

The computer may simply store the recovered data the tests are being made. This information could be used 

packet in memory or floppy for later processing by the by the microprocessor to generate a preferred test data 

computer or at a central computer facility. packet or simply entered as a comment line with the 

The computer may also fully process the data packets data stored or processed by the test bed computer, 

by comparing the known data patterns to the data pat- 55 Further, it can be seen that in its broadest aspect, the 

tern recovered by the subcarrier data demodulator. The invention is a test system useful with any radio data 

computer thus generates test information which indi- delivery system. 

cates, for example, the message completion rate for a Thus, it should be understood that the invention is 

particular area. limited only by the appended claims. 

Delays, distortion, and receipt of data along multiple 60 What is claimed is: 

paths all contribute to a lack of correlation between the 1. In a paging system of the type having digital data 

test data generated by the microprocessor and the re- modulated onto a radio signal to communicate a pager 

covered data patterns. These irregularities appear as request, said radio signal transmitted from a radio sta- 

noise which the subcarrier data demodulator is not able tion by a transmitter to a pager receiver located at a site 

to properly demodulate. 65 remote from said station, a test system comprising: 

When the test receive site is located outside the range a transmitter test module coupled to a radio transmit- 

of the radio station, the subcarrier data demodulator ter at said station and a test bed located at said 

will recover meaningless data patterns. remote site, 
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said transmitter test module including: 

a microprocessor for generating digital test data; 

means coupled to said microprocessor for modulating 
said digital test data onto a radio signal and for 
injecting said modulated radio signal into said sta- 5 
tion transmitter; 

said test bed including: 

an antenna and a receiver for receiving said modu- 
lated ratio signal; 1Q 

means coupled to said receiver for demodulating said 
modulated radio signal to recover said digital test 
data; 

a computer coupled to said demodulator, said com- 
puter processing said recovered digital test data to 15 
generate paging test information; and 

means for determining the latitude and longitude of 
said site to generate digital location data, said com- 
puter coupled to said means for determining loca- 
tion for processing said digital location data to 20 
generate said test information. 

2. The invention of claim 1 and wherein said transmit- 
ter test module and said test bed are portable modules. 

3. The invention of claim 1 further comprising: 

a mobile vehicle for transporting said test bed; and 25 
a power supply on said vehicle for providing power 
to said test bed. 

4. The invention of claim 3, further comprising: 
means coupled to said vehicle for measuring the dis- 30 

tance travelled by said vehicle to generate digital 
distance data, said computer means coupled to said 
distance measuring means for generating test infor- 
mation at a sampling rate determined by said digital 
distance data. 35 

5. The invention of claim 4 and wherein said test bed 
further includes: 

means for determining the latitude and longitude of 
said site to generate digital location data; and 

wherein said computer is coupled to said location 40 
detennining means for processing said digital loca- 
tion data to generate said paging test information. 

6. The invention of claim 5 and wherein said means 
for determining location includes a LORAN antenna 
and receiver. 

7. In a paging system of the type having digital data 
modulated onto a radio signal, said radio signal trans- 
mitted from a radio transmitter at a radio station to a 
power receiver located at a remote site, a test system 50 
comprising: 

a test bed located at a remote site and a transmitter 

test module located at said radio station; 
said test bed including; 

a first cellular phone system for communicating a 55 

plurality of coded dial tones to said radio station; 
said transmitter test module including: 
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a second cellular phone system for receiving said 
coded dial tones; 

a tone decoder and a microprocessor combination 
coupled to said second cellular phone system for 
decoding said coded dial tones to generate a plural- 
ity of digital test data patterns, each corresponding 
to one of said coded dial tones; 

means coupled to said microprocessor for modulating 
a test subcarrier signal with said digital test data 
patterns and for injecting said modulated subcar- 
rier signal into said radio transmitter; 

said test bed further including: 

an antenna and a receiver for receiving said modu- 
lated signal; 

means for demodulating said received signal to re- 
cover said digital test data patterns; 

computer means coupled to said demodulator for 
processing said recovered digital test data patterns 
to generate test information; 

a mobile vehicle for transporting said test bed; and 

a power supply on said vehicle for providing power 
to said test bed. 

8. The invention of claim 7, further comprising: 
means coupled to said vehicle for measuring the dis- 
tance travelled by said vehicle to generate digital 
distance data, said computer coupled to said dis- 
tance measuring means for generating test data at a 
sampling rate determined by said digital distance 
data. 

9. The invention of claim 8 and wherein said means 
coupled to said vehicle for measuring the distance trav- 
elled by said vehicle includes a magnet coupled to the 
drive train of said vehicle and a reed relay coupled to 
said magnet for generating a signal each fixed distance 
segment traveled. 

10. In a paging system of the type having digital data 
modulated onto a radio signal to communicate a pager 
request, said radio signal transmitted from a radio sta- 
tion by a transmitter to a pager receiver located at a site 
remote from said station, a method for testing said sys- 
tem comprising: 

generating digital test data at said station; 

modulating said digital test data onto a radio signal; 

injecting said modulated radio signal into said station 
transmitter; 

transmitting said modulated radio signal; 

receiving said modulated radio signal at a test loca- 
tion; 

demodulating said modulated radio signal to recover 

said digital test data; 
processing said recovered digital test data to generate 

paging test information; 
detennining the latitude and longitude of said test 

location to generate digital location data; and 
processing said digital location data to generate said 

test information. 

***** 
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